ABSTRACT.-Morphological and molecular information is invaluable in the description of cryptic diversity and the evolutionary processes driving diversification within closely related species that exhibit morphological homoplasy. We present a distribution-wide data set consisting of both molecular and morphological information, providing a taxonomic revision of the Diporiphora nobbi species group, and develop preliminary hypotheses regarding the evolutionary history of D. nobbi. We show deep molecular divergence between D. nobbi and a newly described sister lineage associated with divergence in meristic characters. Our molecular data also show large divergences among subclades within nominate D. nobbi associated with different habitats rather than specific biogeographc barriers. We further discuss potential diversification mechanisms within the D. nobbi species group.
Integration of morphological and molecular data has become a powerful tool for resolving taxonomic issues, diversification mechanisms, and biogeographic pattens, particularly for groups with traditionally uncertain or difficult taxonomic reconstruction. The Australian agamid lizards are one such group where both higher level, inter-and intrageneric taxonomic relationships have been difficult to resolve due to a lack of diagnostic morphological characters and high levels of intraspecific phenotypic variation. Molecular techniques have proven invaluable in resolving the higher level systematics of the group (Macey et al., 2000; Schulte et al., 2003; Hugall and Lee, 2004; Hugall et al., 2008 ) that remained uncertain under a purely morphological framework. Molecular studies also have shown that the Australian agamids form a single evolutionary lineage (Macey et al., 2000) , known as the subfamily Amphibolurinae, that diversified across Australia's arid and semiarid regions during the Miocene in response to an increasingly dry environment (Hugall et al., 2008) .
More recent intrageneric molecular work has demonstrated that there is great variation in the level of morphological diversity within evolutionary lineages of the Amphibolurinae. One well-studied genus within Amphibolurinae, Ctenophorus, has shown dramatic diversity in morphological evolution between closely related species (Melville et al., 2001) . However, the opposite has been found in other genera, with widespread ''species'' being found to be cryptic species complexes Shoo et al., 2008) , some of which display morphological stasis rather than disparity (Smith et al., 2011 ). Such variation in the level of morphological diversity within lineages reinforces the importance of integrating molecular and morphological data when undertaking taxonomic reviews in the Australian agamid lizards.
Diporiphora is one of the more species-rich genera within Amphibolurinae and contains many lineages for which taxonomic revision is needed. Diporiphora nobbi, a recent addition to this genus after molecular revision (Schulte et al., 2003; Hugall and Lee, 2004; Hugall et al., 2008) , has a distribution that encompasses the majority of eastern Australia. The huge distribution and the extensive morphological variation seen in this species suggest that an investigation of its phylogeographic variation and a taxonomic review is warranted.
Witten (1972) originally described D. nobbi as a member of the Amphibolurus muricatus species group from material collected across New South Wales (NSW) and southeastern Queensland (QLD), assigning the species name Amphibolurus nobbi. Although affinities between A. nobbi and Diporiphora were not directly analyzed in the original description of the species by Witten (1972) , Witten did in fact note the ''superficial resemblance'' between A. nobbi and Diporiphora. However, Witten (1972) considered Amphibolurus muricatus the sister species to the new taxon based on the presence of femoral pores in A. nobbi, which are generally not present in Diporiphora species. Later, Greer (1989) noted that color patterns in A. nobbi were similar to those of other species of Diporiphora, rather than to Amphibolurus, with a pink or rose flush to the base of the tail and yellowish sides. Molecular analyses have since revised the taxonomy of the species to show that A. nobbi was in fact nested within Diporiphora (Schulte et al., 2003; Hugall and Lee, 2004; Hugall et al., 2008) . These molecular analyses have included multiple loci of both mitochondrial DNA (mtDNA) and nuclear DNA and are supported by several phylogenetic studies undertaken on Amphibolurinae in recent times (Schulte et al., 2003; Hugall and Lee, 2004; Hugall et al., 2008) . Thus, we refer to this species as D. nobbi.
There are currently two described subspecies within D. nobbi, D. n. nobbi and D. n. coggeri, both described from the cool temperate forests and upland areas of the New England Tablelands (Fig. 1) . Wells and Wellington (1985) described another species from within the range of D. nobbi and ascribed this species to its own genus with the name Wittenagama parnabyi based on a single specimen from central Queensland in the vicinity of Alpha. However, this species was later synonymized with D. nobbi by Shea and Sadlier (1999) .
The distribution of D. nobbi covers steep environmental and ecological gradients, from rain forest, dry woodlands, and coastal swamplands and vegetation to cool temperate forests and upland areas, as well as dry mallee with spinifex woodland. This distribution also crosses many important biogeographic barriers known to delineate population structure in its sister lineage D. australis (Edwards and Melville, 2010) and many other woodand, highland, and rain forest species throughout QLD and NSW (Schneider et al., 1998; Moritz et al., 2000; Dolman and Moritz, 2006; Moussalli et al., 2009) . Diporiphora nobbi shows a large amount of geographic variation in body size, morphology, and male secondary sexual coloration at the tail base (e.g., often displaying a purple, pink, or red flush; Cogger, 2000) , with some forms showing stark body coloration (e.g., the Alpha form having a canary yellow body in displaying males; pers. obs.).
To clarify the taxonomic status of D. nobbi, we compiled a multilocus molecular data set in combination with morphological data collected from museum voucher specimens from across the distribution. Specifically, we sought to test whether D. n. nobbi, D. n. coggeri (Witten, 1972) , and W. parnabyi (Wells and Wellington, 1985) could be ascribed species status. Providing a complete assessment of molecular and morphological variation in D. nobbi, we contribute an important advance in our understanding of the biogeographic history and taxonomy of eastern Australian vertebrate fauna.
MATERIALS AND METHODS
Taxonomic Sampling.-Sampling effort focused on gathering tissue samples from across the distributions of both nominate subspecies in the D. nobbi species group-D. n. nobbi and D. n. coggeri. This was accomplished using a combination of tissues deposited in Australian museums and fresh tissue collections. In total, 90 individuals were sampled from across the species distribution, including the distributions of both nominal subspecies, with one to five animals per site ( Fig. 1a; for details on each sample, see Appendix 1). For fresh field collections two specimens per site were deposited in the Museum Victoria Collection (liver tissue); the remaining animals from each site were nonlethally sampled (tail-tips) and released at the point of capture. Specimens and tissues collected fresh have been listed in Appendix 1 (MVD and MVZ numbers).
Museum samples were obtained from the Australian Museum Tissue Collection, Australian Biological Tissue Collection (South Australian Museum), and the Queensland Museum Tissue Collection. Morphological measurements were taken from all suitable specimens for which molecular data were available. In addition, to encompass the morphological variation across the group and determine appropriate species assignment, specimens representing gaps in tissue collections and potential species boundaries were morphologically measured in conjunction with holotypes or paratypes (For distribution of material examined, see Fig. 1b ; for details of material examined, see Appendix 2). Paratypes were included for both nominal subspecies within the D. nobbi species complex (D. n. nobbi and D. n. coggeri) in addition to the holotype for W. parnabyi (Wells and Wellington, 1985) , which was synonymized with D. nobbi by Shea and Sadlier (1999) .
Outgroup samples for mtDNA analyses were selected from across Diporiphora and associated genera (D. australis, GU556007; D. bilineata, AF128473; A. nobbi, AY132999; D. albilabris, AY133003; D. arnhemenica, AY133004; Caimanops amphiboluroides, AF128472; D. magna, AY133009; D. winneckii, AY133012; and A. muricatus, AF128468). For specific information on each of these ND2 sequences, refer to Melville et al. (2001) , Schulte et al. (2003) , and Edwards and Melville (2010) . For recombination activating gene-1 (RAG1) analyses, outgroups were obtained from previously published sequences from across Diporiphora and associated genera (Appendix 3). In addition, sequence data were obtained for D. australis (MVD74106; vicinity of Charters Towers [20u 129 57.20E 146u 149 43.40S]; GenBank # JN815263) for RAG1 to supplement these sequence data. Molecular Data.-Genomic DNA was extracted from the tail and liver samples by using a modified chloroform method, suspended in Tris-EDTA buffer, and stored at 220uC (for details, see Shoo et al., 2008) . For all individuals, we targeted an ,1,400-bp fragment of mtDNA incorporating the entire protein-coding gene NADH dehydrogenase subunit 2 (ND2)  and the genes encoding tRNA   Trp   , tRNA  Ala , tRNA  Asn , tRNA   Cys   ,  and tRNA Tyr to the beginning of the protein-coding gene subunit I of cytochrome c oxidase. For a subset of these animals, we sequenced an ,1,400-bp fragment of nuclear DNA incorporating a portion of the RAG1 exon to ensure resulting relationships could be confirmed across multiple mtDNA and nuclear loci.
Targeted DNA was amplified using a touch-down polymerase chain reaction (PCR) profile (94uC for 5 min, 13; 94uC for 30 sec, 70-45uC (decreasing in 5uC increments) for 20 sec, 72uC for 90 sec, 23; 94uC for 30 sec, 40uC for 30 sec, 72uC for 45 sec, 403; 72uC for 4 min, 13; 4uC, hold. Primers used to amplify ND2 were Metf-1 (59-AAGCAGTTGGGCCCATRCC-39, complement of H4419b) (Macey et al., 2000) and H5934 (59-AGRGTGCCAATGTCTTTGTGRTT-39) (Macey et al., 1997) or CO1r.aga (59-ACRGTTCCRATRTCTTTRTGRTT-39) (Macey et al., 2000) . Primers used to amplify RAG1 were JRAG1f.1 (59-CAAAGTGAGACSACTTGGAAAGCC-39) and JRAG1r.13 (59-CATTTTTCAAGGGTGGTTTCCACTC-39) . Targeted fragments were amplified in 40-ml reactions consisting of ,100 ng of template DNA, 4 ml of 103 reaction buffer, 3 mM MgCl 2 , 0.5 mM dNTPs, 10 pmol of each primer, and 2 units HotStart Taq polymerase (MBI Fermentas). PCR products were purified using a SureClean PCR cleanup kit (Bioline) or gel purified using GFX columns (GE Healthcare) and then sent to Macrogen Inc. (Seoul, Korea) for sequencing. Internal primers ND2f.17 (59-TGACAAAAAATTGCNCC-39) (Macey et al., 2000) and ND2f.dip (59-AAATRATAGCCTACTCAT-39) were used in addition to PCR primers to obtain reliable sequence across the ND2 gene. DNA sequence data were then edited using Sequencher 4.1.4 (Gene Codes Corporation). Sequences were aligned individually using ClustalX (Thompson et al., 1997) . Alignments were then checked by eye. Protein coding regions were translated using the mammalian genetic code option in Sequencher 4.1.4 (Gene Codes Corporation), and a clear reading frame was observed in all ND2 sequences. Thus, sequences were assumed to be genuine mitochondrial copies and not nuclear paralogs. Sequences have been lodged in GenBank (Appendix 1).
Phylogenetic Analyses.-Bayesian and maximum likelihood (ML) analyses of haplotype sequences were used to assess overall phylogenetic structure and support for major clades in Mr Bayes version 3.1.2 (Ronquist and Huelsenbeck, 2003) and RAxML (Stamatakis et al., 2008) individually for both ND2 and RAG1 data sets. Modeltest 3.7 (Posada and Crandall, 1998) , using Akaike information criterion showed that for the mtDNA data the GTR + I + C model of nucleotide substitution best fit the data, and for the RAG1 data the TRN + I + C model of nucleotide substitution best fit the data. Bayesian and ML analyses were conducted using these best fit models of nucleotide substitution and partitioned according to codon position for mtDNA data. Bayesian analyses were undertaken using default priors for Markov chain Monte Carlo analyses in MrBayes version 3.1.2 (Ronquist and Huelsenbeck, 2003) . Bayesian analyses consisted of four independent runs of four chains each, sampling every 100 generations run for 10 3 10 6 generations for the ND2 data set and for 4 3 10 6 generations for the RAG1 data set to ensure convergence. Burn-in was set at 1,000,000 and 400,000 generations for the ND2 and RAG1 analyses, respectively. Convergence of posterior probabilities and stationarity of likelihood scores between the runs were assessed in Tracer version 1.4 (Rambaut and Drummond, 2005) . ML analyses were run for 100 bootstrap replicates.
Estimates of Divergence Times.-We estimated divergence times for both the ND2 and RAG1 data sets separately using the relaxed molecular clock method in the program BEAST version 1.6.1 (Drummond and Rambaut, 2007) . Initial analyses used several fossil calibrations across Reptilia, and specifically within the Iguania, we used an expanded dating data set as per Shoo et al. (2008) and Melville et al. (2009) , sampling across the Reptilia by using GenBank sequences (for outgroups used and their associated accessions, see BEAST output in Appendix 4). Given the issues regarding overestimated divergences caused by saturation-driven branch length truncation (Hugall et al., 2007; Sanders et al., 2008) , RAG1 and mtDNA analyses were run separately. Analysis of the RAG1 data set used fossil calibrations across the Iguania to estimate the divergence between D. nobbi and D. sp. nov. Fossil calibrations included four fossils used in previously published studies: a middle Jurasic acrodont iguanian fossil (154-180 mya, Evans et al., 2002) , an early Miocene sceloporine (,22.8 mya , Robinson and Van Devender, 1973) and an Chamaeleo/Rhampholeon fossil (18 mya, Rieppel et al., 1992) , and a Pliocene Phrynocephalus fossil (5 mya, Zerova and Chkhikvadze, 1984) . Specific BEAST settings for these calibrations are as per table 1 in Melville et al. (2009) . In addition, we added a minimum age estimate for the Physignathus lesueurii lineage (which includes that majority of the Australian amphibolurine species, except Moloch, Chelosania, and Hypsilurus) of 20 mya (Covacevich et al., 1990) with BEAST settings as follows: mean 5 1.8, SD 5 1.0, and zero offset 5 20. The Iguania and Episquamata were held as monophyletic and all other relationships were free to vary.
Given the difficulties in resolving the intraspecific clade relationships within nominate D. nobbi by using the RAG1 data and considering the difficulties with using deep calibrations with mtDNA as mentioned above, we used a reduced sampling approach to estimate divergence times of phylogeographic clades. For the mtDNA analysis, we used only the Phrynocephalus and P. lesueuri fossil calibrations using the BEAST settings described above and in Melville et al. (2009) . All relationships were allowed to vary.
Both mtDNA and nuclear analyses employed a GTR + I + C model of evolution, by using an uncorrelated lognormal relaxed molecular clock. A Yule Speciation Process tree prior also was used for both analyses. RAG1 analyses were run for 15 million generations and mtDNA analyses were run for 10 million generations with burnins of 150,000 and 100,000, respectively. All fossils are a minimum estimate of age; therefore, we used lognormal distribution for fossil calibrations. Output files were reviewed in Tracer version 1.4 (Rambaut and Drummond, 2005) to check that stationarity had been reached, to examine the coefficient of variation, to determine the appropriateness of a lognormal clock, and to assess the autocorrelation of rates from ancestral to descendant lineages (Drummond et al., 2006) .
Morphological Data and Analyses.-Both morphometric and meristic character counts were taken from 113 specimens from across the range of D. nobbi (Fig. 1b) , incorporating both specimens with and without molecular data, holotypes of described subspecies, and previously synonymized species holotypes. Thirteen morphometric measurements were obtained: snout-vent length (SVL), axillo-groin length (AG), head length (HL), snout length (SL), head depth (HD), head width (HW), nostril width (NW), interorbital width (IOW), arm length (ArL), metacarpal length (McL), leg length (LgL), metatarsal length (MtL), and tail length (TaL). Twenty-six meristic characters, both continuous and categorical, also were measured for all specimens. Table 1 for details on categories and units and on methods of measurement for each character.
Only adult specimens (.50 mm SVL) were measured to avoid ontogenetic changes in morphological measurements, and male (N 5 64) and female (N 5 49) animals were analyzed separately to avoid problems associated with sexual dimorphism. Averages and SEM for each measurement are presented in Table 2 . We sought to differentiate species based on the putative species to which they belonged (i.e., D. nobbi, N 5 55 males and N 5 42 females versus D. sp. nov., N 5 9 males and N 5 7 females). There was not enough data to distinguish whether genetic clades within D. nobbi differed substantially, because specimens available for both morphological and genetic analysis were limited. Morphometric and meristic data sets were analyzed separately. All morphometric measurements were log-transformed to ensure normality and then regressed against SVL to remove any allometric effects of body size. The residuals were then plotted against SVL to ensure the effects of body size had been removed; these residuals were then used for subsequent analyses. Continuous morphometric variables were regressed against SVL to adjust for differences in body size, and the residuals of these values were used in subsequent analyses.
Principal components analyses (PCAs) were used to determine the relevance of morphometric measurements and meristic characters, respectively, in MYSTAT version 12 (Systat Software Inc., Chicago, IL, USA). Initial PCAs were undertaken to identify those variables that best diagnosed the two species of Diporiphora (i.e., as indicated by high eigenvalues in the PCA), these variables were used as an optimal set for further analyses. The number of principal components (PCs) extracted from the analysis was determined from a scree-plot analysis of eigenvalues. Individuals were then grouped into species, and their individual factor scores were plotted in Euclidean space. Paired t-tests were used to test for divergence in morphometric factor scores and meristic dimension scores between species. A Bonferroni post-hoc test identified whether the two species significantly differed in PC scores.
RESULTS
Phylogenetic Analyses.-Mitochondrial sequencing from 90 individuals yielded 60 ND2 haplotypes for a 1,378-bp fragment including the entire protein coding gene ND2, with 376 variable sites of which 317 were parsimony informative. Total nucleotide diversity (p) for the whole mtDNA data set was 0.05710, with p 5 0.02615 and 0.04993 for the two major clades associated with D. nobbi and D. sp. nov., respectively. A subset of 24 individuals was selected from the sequenced mtDNA individuals for nuclear phylogenetic analyses. Across these 24 individual sequences for the 1,367-bp fragment of RAG1 157 bp was variable, 64 of which were parsimony informative, with p 5 0.0032 across the entire data set. Twenty of these sequences contained at least one heterozygous site; these ambiguous sites were coded using standard International Union of Pure and Applied Chemistry codes.
Phylogenetic analyses of the mtDNA data uncovered two major clades within D. nobbi. The first of these major clades was associated with D. nobbi as a whole and contained a large amount of genetic diversity, including six subclades broadly associated with distinct geographic regions (Fig. 2 ). Animals associated with the central NSW woodlands, western NSW slopes and highland forests, Murray River basin malleespinifex woodlands, north coastal QLD forests, and central western QLD woodlands formed distinct clades within a monophyletic group encompassing the majority of the known range of D. nobbi. Relationships among the subclades within this group were not able to be resolved using the mtDNA data set. Reciprocally monophyletic and sister to this group was a group of animals occurring within southeastern QLD and coastal northern NSW.
The second major clade was associated with a previously unidentified cryptic species from the Carnarvon Gorge area in central western QLD. The specific relationships between this new species, D. nobbi, and D. australis-D. bilineata were uncertain given the mtDNA data set, and although separate from other Diporiphora species included in the phylogeny, were not well supported as a distinct species group (Fig. 2) . However, D. nobbi and the previously undescribed species were clearly nested within Diporiphora as per the results of all previous molecular studies.
Phylogenetic analyses undertaken with the RAG1 (Fig. 3 ) data set could not resolve relationships among the distinct subclades within D. nobbi. However, there was strong support for the reciprocally monophyletic sister relationship between D. nobbi and D. sp. nov. There was also strong support for the D. australis species group as a sister to the D. nobbi species complex. These data also support D. nobbi as a member of Diporiphora.
Divergence Analyses.-The relaxed lognormal clock analysis of the mtDNA data set (Appendix 4) produced the same ingroup topology as the phylogenetic analyses (Fig. 2) . For both the RAG1 and mtDNA analyses, there was a slight tendency toward a positive correlation in the rate of parent to child branches, with a covariance of 20.0121 and 0.0588, respectively. However, because the 95% highest posterior distribution (HPD; 20.17 to 0.15 and 20.1 to 0.23, respectively) included zero, this autocorrelation was not considered significant (Drummond et al., 2006) . The coefficient of rate variation was estimated to be 0.45 (95% HPD, 0.36-0.55) and 0.51 (95% HPD, 0.41-0.62 95%) for the RAG1 and mtDNA data sets, respectively, indicating that neither data set is strictly clock-like and that a lognormal relaxed clock is appropriate. The complete BEAST output trees are supplied in Appendices 3 and 4, showing the nuclear and mtDNA data sets, respectively.
Our divergence analyses (Figs. 2, 3 ) produced an age for Amphibolurinae (including Physignathus cocincinus and all other Australasian agamids) at 40.37 mya (95% HPD, 28.3-54.2 mya) for the RAG1 data and 30.48 mya (95% HPD, 22.9-39.9 mya) for the mtDNA data. Our RAG1 divergence estimates are slightly elevated with broader confidence limits compared with those reported previously for the age of Amphibolurinae by using much larger data sets (Hugall and Lee, 2004; Hugall et al. 2008) ; however, our confidence limits still overlap within the ranges reported in these more comprehensive studies, and some discrepancy is to be expected considering the use of a point estimate calibration as opposed to the distribution of ages used in our study. Our divergence estimates for the purely Australasian Amphibolurinae (including Moloch, Hypsilurus, and all remaining Australian agamid genera) are 29.2 mya (95% HPD, 21.6-37.7 mya) for the RAG1 data and 24.1 mya (95% HPD, 20.2-30.2 mya) for the mtDNA data, again overlapping with previously published data (Hugall and Lee, 2004; Hugall et al. 2008 
mya).
Morphological Analyses.-PCA was used initially to reduce the number of morphological and meristic measurements to a fewer number of independent axes. Neither males nor females could be distinguished based on morphometric measurements, with these variables not strongly positively or negatively loaded in PCA results (Table 3 ). In males, the first two PCs accounted for 64.87% of the observed variation (Table 3) . PC2 is negatively loaded for nuchal spine, metacarpal scale, and metatarsal scale counts and moderately positively loaded for right femoral pore and scapular spine counts, attributing to 17.65% of male variation (Table 3) . Males with high PC1 scores have higher numbers of femoral and preanal pores, a higher number of spines on the head and scapular regions, irregular scalation between the paravertebral scale rows, a low number of metatarsal scales, and dark throat coloration, accounting for 47.22% of the variation in male characters. Males with high PC2 scores have fewer nuchal spines, metacarpal scales, and metatarsal scales, with a moderate number of right femoral pores and scapular spines, accounting for 17.65% of male variation. Using PC1 scores, D. sp. nov. (PC1 5 1.53 6 0.446; N 5 9) exhibits significantly higher PC1 scores (t 5 27.12, df 5 51, P 5 0.000) than D. nobbi (PC1 5 20.310 6 0.755; N 5 44). For PC2 scores, D. sp. nov. individuals are slightly but significantly higher (t 5 22.67, df 5 51, P 5 0.02; PC2 5 0.685 6 0.849) than D. nobbi (PC2 5 20.017 6 0.937). Morphological divergences between the two species are further illustrated when PC1 scores are plotted against PC2 scores and the 95% confidence kernel ellipses do not overlap (Fig. 4a) .
For females the first two PCs accounted for the majority of morphological variation (59.22%, 
95uE).
Diagnosis and Distinction from Other Species.-Diporiphora phaeospinosa is similar in body size and proportion to D. nobbi; in fact, the two species cannot be distinguished using any single morphometric trait measured. The main feature distinguishing the two species is the higher number of femoral and preanal pores and nuchal spines in D. phaeospinosa in comparison with D. nobbi. The PCA (Fig. 4) also identified high numbers of scapular spines, auricular spines, and dark throat coloration in males as significant factors in distinguishing the species. Another distinguishing feature is the presence of enlarged dorso-lateral scales, a feature that is also present in juveniles and adults and that may assist in identifying immature individuals. Both D. nobbi and D. phaeospinosa lack femoral pores, distinguishing them from their sympatrically distributed sister lineage, the D. australis/bilineata species group, which has femoral pores (Witten, 1972 15.94 mm; NW, 6.58 mm; IOW, 10.59 mm; ArL, 31.22 mm; McL, 6.59 mm; LgL, 59.79 mm; MtL, 14.08 mm; TaL, 188 mm; RFP, 4; LFP, 4; RPP, 4; LPP, 4; McL, 18; MtL, 26; ILS, 13; SLS, 14, TyW, 3.89 mm; PAS, 8; UAS, 7; SAUS, 5; NS, 9; SS, 4. Diporiphora phaeospinosa is a robust and large lizard compared with other members of the genus Diporiphora. The head is large and angular with a sharp snout that is wider than it is deep. Tympanum has a series of enlarged spine rows extending anteriorly (Fig. 5b) . Nuchal spines are separate from the paravertebral scale rows on the dorsum and extend across the base of the head in an uneven manner. Gular folding is absent, and the throat is heavily colored with black extending from the chest across the entire underside of the throat. Infralabial and supralabial scales are clearly demarcated from the darker head coloration and are white.
Scapular folding is strong and arches up across the forearm to contact the paravertebral scale rows. Scapular spines form a row along the scapular fold, but they do not extend along its entire length. Specimen has dark coloration across the entire dorso-lateral surface similar to that observed on the throat. Scattered enlarged scales forming spines are randomly scattered across the entire dorsolateral surface of the body. Specimen has faint darkish colored paravertebral stripes that are not continuous down the extent of the body. Paravertebral scale rows are steeply keeled and distinct from surrounding scales and form uneven rows that are separated by unevenly scattered keeled scales (Fig. 5f) . Scales between the paravertebral rows are somewhat reduced toward the distal end of the body and base of the tail. Tail is not compressed, but rounded, and displays a deep red flush at the base extending the length of the tail in life.
Intraspecific Variation.- Table 2 shows that morphometric characters within D. phaeospinosa are directly overlapping with the intraspecific variation observed within D. nobbi. Auricular, scapular, and nuchal spine count variation is broader in D. phaeospinosa than D. nobbi, and although the two species directly overlap D. phaeospinosa generally has more spines than D. nobbi. Dorsolateral spines and keeling of paravertebral scales are consistently present in D. phaeospinosa, with few individuals displaying similar but not identical characters in D. nobbi. Analysis of variation in male breeding coloration was not possible from preserved specimens and may provide further distinguishing characteristics between the two species. The breadth of variation possible within D. phaespinosa may not be accurately assessed in the current study due to a limited number of specimens available for analysis. In addition, variation as it is currently defined within D. nobbi may be altered with further revision of taxonomic relationships among the divergent clades within D. nobbi.
Distribution.-The distribution of D. phaeospinosa is currently limited to four localities in central western Queensland, representing two discrete regions. The first region is in the Carnarvon Gorge/Bigge Range area, and the second region is in the vicinity of the Blackdown Tablelands. It is currently unknown whether the distribution of the species is continuous, or whether these discrete regions represent disjunct populations, because the number of specimens known for this new species are currently limited. Our genetic data suggest that the two regions occupied by the species are genetically distinct; however, this may simply be a function of isolation by distance rather than suggestive of discrete genetic populations due to limited sampling in intermittent areas. Genetic and morphological analyses suggest that D. phaeospinosa is allopatric with respect to the distribution of its congener D. nobbi. Further analysis of the species distribution would be required to resolve these issues.
Etymology.-The specific epithet phaeospinosa is a composite from the Latin root terms phaeo (dark) and spinos (spiny) describing the main distinguishing morphological features of this species.
DISCUSSION
Using an analysis of morphology and genetics, we show extensive diversity within D. nobbi and uncover a previously undescribed species within this species group, D. phaeospinosa. This new species is highly divergent from nominal D. nobbi individuals by using both molecular (Figs. 2, 3 ) and morphological characters (Fig. 4) . We also describe high levels of genetic diversity within nominal D. nobbi associated with distinct geographic regions and habitat types across the broad distribution of this species. Here, we describe the ramifications of our work on perceived species boundaries within the D. nobbi species complex, and we discuss possible hypotheses to explain the potential diversification mechanisms within the D. nobbi species complex and the biogeographic diversity within nominal D. nobbi.
Species Boundaries and Taxonomy within the D. nobbi Species Group.-Our analysis of molecular and morphological variation within D. nobbi shows no support for current subspecies delineations, D. n. nobbi and D. n. coggeri, within the D. nobbi complex. Both holotypes for these subspecies seem to occur within the geographic region encompassed by the western NSW slopes and highland forests mtDNA subclade (Fig. 2) and also cannot be resolved as subspecies using the RAG1 dataset (Fig. 3) . Similarly, there is no support for the previously described W. parnabyi (Wells and Wellington, 1985) , later synonymized within D. nobbi, as distinct from D. nobbi (Shea and Sadlier, 1999 ). This holotype is probably associated with the mtDNA subclade from central western QLD. Our results show that there is considerable diversity within nominate D. nobbi. However, with the current data, an analysis of morphological boundaries within the D. nobbi lineage and among molecular subclades was not possible due to low number of specimens with material available for both molecular and morphological analyses.
Even with an analysis of morphological diversity within nominate D. nobbi, it is unlikely that the currently described subspecies, D. n. nobbi and D. n. coggeri (Witten, 1972) would be resolved as morphologically distinct species or in fact distinct subspecies, and we recommend that the two subspecies be synonymized under the name of D. nobbi. Alternatively, differences between these two groups may be a function of genetic subdivision within this region observed within our own mtDNA data (Fig. 2) and also observed within many other species throughout the western NSW slopes region (Chapple et 4 . Principal components analysis of male (a) and female (b) morphological data based on genetic species described in the genetic analyses. Principal components (PCs) are calculated from a covariance matrix on an optimal set of morphological characters. PC1 is plotted against PC2 in Euclidian space. PC1 explains 47.22 and 40.59% of the variation and values are significantly different between D. nobbi and D. sp. nov. in the male and female data, respectively. PC2 explains 17.65 and 18.63% of the variation in the male and female data, respectively. PC2 is only significantly different between D. nobbi and D. sp. nov. for the male data. Refer to Table 3 for an explanation of the variable loadings for PC1 and PC2 for both the male and female data.
it is possible that future molecular and morphological analyses could find support for raising D. parnabyi and several other subclades within nominate D. nobbi to species status. However, there is no support warranting the use of a distinct genus name, as ascribed by Wells and Wellington (1985) . australis/bilineata lineage occurring at a similar time (between 8 and 19 mya). Due to the similar timing of these events, it is likely that the developing aridity in Australia during the midlate Miocene, leading to dramatic changes in forest types (Bowler, 1976; Macphail, 1997; Kershaw et al., 2003) , is associated with diversification of the eastern Australian Diporiphora australis-nobbi lineage. Previous analysis has suggested a northern origin for the D. australis lineage (Edwards and Melville, 2010) , which has only recently been present in southern QLD and northern NSW as of the mid-late Pleistocene (Hocknull et al., 2007) . Given the much deeper age of nodes within the D. nobbi species complex (Figs. 2, 3) this lineage probably occupied a more southerly distribution historically, and these two sister lineages have only recently been almost entirely sympatrically distributed.
Both D. australis and D. nobbi currently occupy dry woodland habitats, habitats that rapidly expanded during the mid-late Miocene climate shift (Bowler, 1976; Macphail, 1997; Kershaw et al., 2003) . Diporiphora phaeospinosa, in contrast, seems to be restricted to the wetter eucalypt forests in central southern QLD, a region harboring many endemic and relictual species of snail (A. F. Hugall, pers. comm.) . Diversification within the D. nobbi species complex is probably a result of sweeping climatic and environmental change across the Australian continent at this time (Bowler, 1976; Macphail, 1997; Kershaw et al., 2003) that either led to vicariance between the D. nobbi and D. phaeospinosa populations or to adaptive evolution within D. nobbi to favor the broadly distributed dry woodland habitats coincident with expansion into these newly available habitats. Many groups of Australian lizards have shown rapid adaptive radiations during the mid-late Miocene period, including other members of the subfamily Amphibolurinae (e.g., Ctenophorus, Melville et al., 2001) , Elapidae (Sanders et al., 2008) , and much more diverse genera, such as Lerista (Skinner and Lee, 2009) and Ctenotus (Rabosky et al., 2007) .
Unlike D. australis (Edwards and Melville, 2010) and some other northern QLD woodland taxa, the distribution of genetic variation within D. nobbi cannot be predicted by known biogeographic barriers. This is consistent with the hypothesis that biogeographic patterns in woodland taxa may be harder to predict than those of rainforest taxa (James and Moritz, 2000) . Rather, our mtDNA genetic data suggest that diversity within D. nobbi is associated with specific habitat types. mtDNA clades within D. nobbi are specifically associated with the northern QLD Tablelands forests, central western QLD woodlands, coastal forests and swamps of southeastern QLD and northeastern NSW, western slopes and highland forests of NSW, central NSW woodlands and the Murray River basin mallee-spinifex woodlands of western NSW, eastern South Australia (SA), and northwestern Victoria (VIC). Whereas our current nuclear data do not show a similar pattern, the marker used here is not particularly appropriate for testing population level associations. Our results provide preliminary evidence that mtDNA divergence among D. nobbi subclades may be associated with ecological differentiation, a response common in many of the adaptive radiations reported from rapidly evolving arid regions in Australia (Melville et al., 2001 (Melville et al., , 2006 Byrne et al., 2008) . However, to test this hypothesis increased genetic and morphological sampling in conjunction with ecological information is required from across the distribution of the species.
Previous population genetic studies using both mtDNA and allozyme markers have shown deeply divergent breaks among D. nobbi populations in one region of NSW, which was also identified in the current study. Driscoll and Hardy (2005) alluded to a distinction between D. nobbi populations occupying a fragmented agricultural landscape versus continuous mallee-spinifex woodlands in southern central NSW and separated by the Lachlan River, in a region associated with meeting range limits of many sister taxa without any obvious steep ecological gradient. The two divergent populations were not exchanging genes, and both were occupying mallee woodlands with a spinifex understorey. Driscoll and Hardy (2005) probably identified the junction between what we have termed the central western NSW woodland clade and the mallee-spinifex clade; however, both are occupying the same mallee-spinifex habitat. Driscoll and Hardy (2005) also uncovered weak evidence for increased dispersal within the agricultural landscape. It is possible that western woodland populations may have been able to move into the mallee habitat postdisturbance and local extinction of the woodland clade; alternatively, the Lachlan River may be providing the divergence mechanism between these two clades as opposed to simply habitat differentiation.
Our study also identifies high levels of differentiation among D. nobbi populations across QLD and NSW, with mtDNA subclades associated with coastal forests and swamps of southeastern QLD/northeastern NSW, northern QLD wet/ dry tropical areas, central QLD woodlands, and the western slopes of NSW. Divergence among the former two subclades could be associated with the St. Lawrence Gap, seen in other woodland (James and Moritz, 2000; Edwards and Melville, 2010) and rain forest taxa (Stuart-Fox et al., 2001; Moussalli et al., 2005; Joseph and Omland, 2009 ). However, divergences across this barrier are generally considered to correspond to the Pleistocene (James and Moritz, 2000; Stuart-Fox et al., 2001; Moussalli et al., 2005; Joseph and Omland, 2009; Edwards and Melville, 2010) . Alternatively, divergence among these QLD and NSW subclades could have arisen through differentiation across steep environmental and habitat gradients.
A combination of morphological and molecular information is not only invaluable in the description of cryptic diversity but also provides insight into the evolutionary processes driving diversification within closely related species. Alpha and higher level taxonomy in morphologically homoplasic groups, e.g., Amphibolurinae, require such information for accurate taxonomic revision. The taxonomic history of the D. nobbi species complex and cryptic diversity habored within it is indicative of this problem in amphibolurine alpha taxonomy. Although our study identifies some potential hypotheses explaining diversification within the D. nobbi species complex and population differentiation within D. nobbi, this study is by no means a complete treatment of diversity within this lineage. Much more information is required to definitively test diversification hypotheses within D. nobbi. This is true for eastern Australian woodland environments in general that contain many widely distributed species but that may, in fact, be species complexes, crossing steep environmental gradients. WELLS, R. W., AND C. R. WELLINGTON. 1985 
